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CHAPTER I 
INTRODUCTION 
The success o f  an a i rborne  avionics system i s  c r i t i c a l l y  dependent 
on i t s  antenna system. The antenna system provides t h e  v i t a l  l i n k  from 
t h e  a i r c r a f t  t o  t h e  ground s t a t i o n  or  another a i r c r a f t .  The antenna 
performance i s  a f f e c t e d  by t h e  a i r c r a f t  s t ruc tu re ,  and i t s  r a d i a t i o n  
p a t t e r n  w i l l  depend on t h e  antenna loca t ion .  Many t imes an antenna w i l l  
be a r b i t r a r i l y  placed on an a i r c r a f t  o n l y  t o  f i n d  t h a t  a f t e r  many c o s t l y  
hours o f  f l i g h t  t ime t h a t  t h e  antenna coverage i s  inadequate. 
Computer codes have been developed t o  analyze antennas on an 
a i r c r a f t  o r  i n  t h e  presence o f  scatterers.  
performance o f  an a i rborne antenna can be modelled d u r i n g  t h e  
development stage o f  t h e  system, thus saving c o s t l y  f l i g h t  t ime. 
codes can a lso  be used t o  he lp determine t h e  causes o f  a problem i n  t h e  
r a d i a t i o n  coverage o f  an e x i s t i n g  system. 
Using these codes, t h e  
The 
The purpose o f  t h i s  study i s  t o  use these codes t o  develop accurate 
computer models of var ious a i r c r a f t .  
a i r b o r n e  antenna r a d i a t i o n  pa t te rns  which are then compared t o  measured 
r e s u l t s .  
Antenna Code, t h e  Basic Scat te r ing  Code and t h e  Electromagnetic Surface 
Patch Code. These codes are described i n  Chapter 11. 
The codes are used t o  analyze 
Three codes are used throughout t h i s  study; t h e  Airborne 
1 
An L-band antenna i n s t a l l e d  on a P-3B a i r c r a f t  i s  analyzed i n  
Chapter 111. 
analyzed i n  Chapter I V .  
B e l l  Long Ranger h e l i c o p t e r  i s  analyzed i n  Chapter  V. 
V I  contains a summary and conclusions.  
A UHF r e l a y  pod antenna mounted on an A-7E a i r c r a f t  i s  
A t r a f f i c  adv isory  antenna system i n s t a l l e d  on 
F i n a l l y ,  Chapter  
2 
CHAPTER I 1  
SUMMARY OF COMPUTER CODES 
A. INTRODUCTION 
This chapter b r i e f l y  describes t h e  t h r e e  computer codes used t o  
generate t h e  t h e o r e t i c a l  r e s u l t s  o f  t h i s  study. The basi  c capabi 1 i ti es 
o f  each code are summarized i n  Table I. The Airborne Antenna Code and 
TABLE I 









Near- or f a r - f i e l d  pa t te rns  o f  antennas 
mounted on a a i r c r a f t  or s i m i l a r  s t ruc tu re .  
Used f o r  s lo ts ,  stubs or arrays mounted on 
an a i r c r a f t  fuselage or convex surface. 
F a r - f i e l d  pat terns o f  antennas i n  t h e  presence 
o f  conducting s c a t t e r i n g  s t ruc tu res .  Used, 
f o r  example, f o r  antennas on a ship, t ruck ,  
a i r c r a f t ,  etc. The antennas can no t  be 
mounted on a curved surface which 
complements t h e  A i  rborne Antenna Code. 
ELECTROMAGNETIC F a r - f i e l d  or  s c a t t e r i n g  pa t te rns  o f  antennas 
SURFACE PATCH i n  t h e  presence o f  wires and/or p la tes.  Can 
CODE be used t o  determine mutual coup l ing  ef fects.  
It i s  l i m i t e d  t o  s t r u c t u r e s  t h a t  are small i n  
terms o f  the wavelength. It complements t h e  
two previous codes i n  t h a t  they r e q u i r e  
e l e c t r i c a l l y  l a r g e  s t ructures.  
3 
Basic Sca t te r i  ng Code were devel oped us ing  t h e  Uniform -Geometrical 
Theory o f  D i f f a c t i o n .  
a moment method so lu t ion .  Each code i s  descr ibed i n  some d e t a i l  i n  t h e  
The Electromagnet ic Surface Patch Code implements 
fo l l ow ing  sect ions.  
B. AIRBORNE ANTENNA CODE 
The Airborne Antenna )de i s  a Fo r t ran  compu ,er code devel oped 
t o  determine t h e  r a d i a t i o n  pa t te rns  o f  antennas mounted on a p e r f e c t l y  
conducting composite e l l i p s o i d  i n  t h e  presence o f  a set  of f i n i t e ,  
p e r f e c t l y  conduct ing f l a t  p la tes.  The ana lys is  o f  t he  antenna r a d i a t i o n  
pat terns i s  based on t h e  Uniform Geometrical Theory o f  D i f f r a c t i o n  (UTD) 
[1,2,3]. 
an e l l i p s o i d  and adding f l a t  p la tes  t o  s imulate t h e  wings, v e r t i c a l  
s t a b i l i z e r ,  and any o ther  s c a t t e r i n g  s t r u c t u r e  t h a t  may be present. 
f l a t  p la tes can be at tached t o  t h e  fuselage and/or t o  each other.  
Th is  code i s  app l ied  t o  a i r c r a f t  by mode l l ing  t h e  fuselage as 
The 
The A i  rborne Antenna Code can c a l c u l a t e  a r b i t r a r y  con ica l  azimuthal 
and great-c i  r c l e  e leva t i on  pat terns.  
monopoles , up t o  a quarter-wave1 ength long, and a r b i  t r a r i  l y  o r ien ted  
s l o t  antennas. Mutual coup l ing  e f f e c t s ,  f o r  example, between two 
monopoles can be accomplished w i t h  t h e  he lp  o f  a moment method so lu t i on .  
Image theory can be app l ied  t o  model t h e  monopoles as d ipo les  and t o  
ca l cu la te  t h e  re1 a t i  ve cur ren t  d i  s t r i  but ion.  The re1 a t i  ve cu r ren ts  are 
then input  i n t o  t h e  Airborne Antenna Code as two sources. The r a d i a t i o n  
pa t te rn  f r o m  t h e  second source i s  superimposed on t h e  p a t t e r n  of t h e  
primary source f o r  t h e  f i n a l  pa t te rn .  
The code can analyze r a d i a l  
4 
The Airborne Antenna Code ca lcu la tes  and superimposes a number o f  
d i f f e r e n t  f i e l d s  f o r  each given geometry. 
f i r s t - o r d e r  and second-order f ie lds.  The f i  r s t - o r d e r  f i e l d s  are t h e  
source, r e f l e c t e d ,  and d i  f f  rac ted  terms ; whereas, t h e  second-order 
f i e l  ds are t h e  ref1 ec ted / re f l  ected, d i  f f rac ted / re f  1 ected, 
r e f l e c t e d / d i f f r a c t e d  and d i f f r a c t e d / d i  f f r a c t e d  ones. 
terms are i l l u s t r a t e d  i n  F igure 2.1. Any h igher-order  terms caused by 
a d d i t i o n a l  i n t e r a c t i o n s  are assumed t o  be i n s i g n i f i c a n t  compared t o  t h e  
dominants ones and are not  included i n  t h i s  code. The code c a l c u l a t e s  
o n l y  t h e  f i r s t - o r d e r  terms unless the user s p e c i f i e s  t h a t  t h e  
second-order terms are t o  be included. 
The t o t a l  f i e l d  i s  made up o f  
These var ious 
Because UTD i s  a high frequency so lu t ion ,  o n l y  t h e  most bas ic  
s t r u c t u r a l  features o f  t h e  a i r c r a f t  need t o  be modeled. 
techniques are used t o  determine the f i e l d  i n c i d e n t  on and r e f l e c t e d  by 
t h e  var ious s t ructures.  
are summed w i t h  t h e  geometrical opt ics  f i e l d  a t  an observat ion point .  
To determine t h e  f i e l d  a t  a given observat ion p o i n t ,  a ray path must be 
determined. This path can be t h e  d i r e c t  source rad ia t ion ,  r e f l e c t i o n  
from a p la te ,  d i f f r a c t i o n  from an edge, o r  v i a  a second-order mechanism 
t r a j e c t o r y .  
d i f f r a c t i o n .  
s t ruc tu res .  
code proceeds t o  t h e  next s c a t t e r e r  o r  observat ion point .  I f  t h e  path 
i s  no t  shadowed, t h e  f i e l d  i s  computed and added t o  t h e  t o t a l  f i e l d .  
Ray o p t i c a l  
The d i f f r a c t e d  f i e l d s  are found us ing UTD and 
Each path i s  determined us ing  t h e  laws o f  r e f l e c t i o n  and 
It i s  then determined i f  t h e  path i s  shadowed by any 
I f  t h e  path i s  shadowed, t h e  f i e l d  i s  not computed, and t h e  
5 
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FIELD 
Figure  2.1. Various GTD terms c a l c u l a t e d  i n  t h e  Airborne Antenna Code. 
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Figure 2.1. (continued).  
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This approach o f  shadowing rays might lead  t o  var ious  
d i s c o n t i n u i t i e s  i n  t h e  r e s u l t i n g  pa t te rn ,  bu t  t h e  UTD s o l u t i o n  i s  
d i s c o n t i n u i t i e s .  The UTD d i f f r a c t i o n  
a cont inuous t h e  d i s c o n t i n u i t i e s  t o  produce 
designed t o  avoid these 
coef  f i c i  en t  s smoot h out  
f i e l d .  I f  d i s c o n t i n u i t  
h i  gher-order terms need 
es s t i l l  ex i s t ,  it u s u a l l y  i n d  cates t h a t  
t o  be inc luded . 
Because o f  t h e  na ture  o f  t h e  UTD analysis,  t h e r e  are l i m i t a t i o n s  
associated w i t h  t h e  Airborne Antenna Code. 
a t  l eas t  a wavelength long. The r a d i i  o f  t h e  e l l i p s o i d  should be a t  
l e a s t  a wavelength long, and each antenna should be a t  l e a s t  a 
Each p l a t e  should have edges 
wavelength from any p l a t e  edge. 
reduced t o  a qua r te r  wavelength f o r  engineer ing purposes. 
I n  many cases, t h i s  l i m i t  can be 
The Airborne Antenna Code i s  user-or iented i n  t h a t  t h e  user  can run 
t h e  code w i thout  knowing a l l  t h e  d e t a i l s  o f  i t s  operat ion.  
need only be f a m i l i a r  w i t h  the  input ,  output,  c a p a b i l i t i e s  and 
l i m i t a t i o n s  o f  t h e  code so t h a t  he can p roper l y  i n t e r p r e t  i t s  resu l t s .  
More in fo rmat ion  on t h e  use o f  t he  code can be found i n  reference [4]. 
The user  
C. B A S I C  SCATTERING CODE 
The Basic Sca t te r i ng  Code (BSC) i s  a Fo r t ran  I V  computer code 
developed f o r  t h e  electromagnet ic ana lys is  o f  t h e  r a d i a t i o n  from 
antennas i n  t h e  presence of complex s t ruc tu res .  
c a p a b i l i t y  t o  p r e d i c t  f a r -  and n e a r - f i e l d  r a d i a t i o n  pa t te rns  as we l l  as 
The code has t h e  
8 
coup l ing  between antennas i n  t h e  presence o f  s c a t t e r i n g  s t ructures.  
addi t ion,  i t  can be used t o  determine p o t e n t i a l  r a d i a t i o n  hazards. 
s c a t t e r i n g  s t r u c t u r e s  are simulated by p i e c i n g  together  p e r f e c t l y  
conduct ing f l a t  p la tes,  f i n i t e  e l l i p t i c  c y l i n d e r s  and f i n i t e  t h i n  
d i e l  e c t  r i  c s l  abs . 
The BSC can model a wide v a r i e t y  o f  antennas. A source can be 
I n  
The 
s p e c i f i e d  as an e l e c t r i c  o r  magnetic type. 
t h r e e  d i f f e r e n t  cur ren t  d i s t r i b u t i o n s  can be simulated. They are t h e  
uniform, s inusoida l ,  and standard TEOl mode ( c a v i t y  back s l o t )  cur ren t  
d i s t r i b u t i o n s .  An aper ture width can be s p e c i f i e d  o r  se t  equal t o  zero 
i n  t h e  case o f  a d i p o l e  antenna. 
f a r - f i e l d  of t h e  antenna, t h e  antenna can be represented by i t s  p a t t e r n  
f a c t o r  t o  S A V C  cnrnpiitpr time; 
i t s  a r ray  fac to r .  
t h e  same manner t h a t  was described f o r  t h e  Airborne Antenna Code. 
For a given source type, 
If a l l  s c a t t e r i n g  centers are i n  t h e  
S.im!'!zr!y, 2~ zpp=v -.I C ~ R  be reprerented !y 
The BSC can account f o r  mutual coupl ing ef fects  i n  
L i k e  t h e  Airborne Antenna Code, t h e  ana lys is  used is based nn the 
Uniform Geometrical Theory o f  Di f f ract ion.  Therefore, t h e  s o l u t i o n  i s  
const ructed i n  a s i m i l a r  manner. A ray  path i s  determined by t h e  l a w s  
of r e f l e c t i o n  and d i f f r a c t i o n ,  and i f  no s t r u c t u r e  blocks t h e  ray path, 
then t h e  f i e l d  i s  computed a t  t h e  observat ion point .  
con ta i  ns source, r e f  1 ected, d i  f f  racted , r e f  1 ected/ ref  1 ected, 
r e f l e c t e d / d i f f r a c t e d ,  and d i  f f r a c t e d / r e f l e c t e d  terms. 
terms inc lude i n t e r a c t i o n s  between two p la tes,  between t w o  cy1 i nders, 
and between a p l a t e  and cy l inder .  The var ious terms are i l l u s t r a t e d  i n  
F igure 2.2. 
The t o t a l  f i e l d  
The second-order 
9 
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Figure 2.2. Various GTD terms ca l cu la ted  i n  t h e  Basic Sca t te r i ng  Code. 
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PLATE REFLECTED / PLATE DIFFRACTED / 
PLC\TE DIFFRACTED PLATE REFLECTED 
Figure  2.2. (cont inued).  
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Figure  2.2. (continued).  
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Because t h i s  code i s  a l so  derived from t h e  UTD, i t s  l i m i t a t i o n  are 
s i m i l a r  t o  those o f  t h e  Airborne Antenna Code. 
edges a t  l e a s t  a wavelength long. The length, and major and minor r a d i i  
of each c y l i n d e r  should be a t  l e a s t  a wavelength. 
should be a wavelength from a l l  edges. 
t h e  source should be a wavelength from t h e  s lab  and t h e  i n c i d e n t  f i e l d  
should not  s t r i k e  t h e  s lab  too  close t o  grazing. 
Each p l a t e  should have 
Each antenna element 
I f  a d i e l e c t r i c  s lab  i s  used, 
The BSC i s  designed t o  be user-oriented. A user can run t h e  code 
However, w i t h  a minimum amount o f  knowledge o f  how t h e  code operates. 
t h e  user should have a bas ic  understanding o f  t h e  input ,  output, 
c a p a b i l i t i e s ,  and l i m i t a t i o n s  so he can proper ly  de f i ne  t h e  i n p u t  and 
i n t e r p r e t  t h e  resu l ts .  D e t a i l s  on the use and operat ions o f  t h e  BSC can 
4 -  +ha I I - - - I  r e i  - rp- .a 
l u u l l u  1 1 1  ~ I I c  U ~ C I  3 L ~ J  and Curie LOJ mdnuais. 
D. ELECTROMAGNETIC SURFACE PATCH CODE 
The Electromagnetic Surface Patch (ESP) Code i s  a For t ran  I V  
computer code which app l ies  a moment method s o l u t i o n  t o  t h i n  w i res  and 
rec tangu lar  plates. The purpose o f  t he  code i s  t o  model antennas w i t h  
t h i n  wi res and any suppor t ing s t ruc tu re  o r  s c a t t e r e r  w i t h  f l a t  p l a t e s  
and/or t h i n  wires. 
attached t o  plates. 
o r  loaded by complex impedances. The code computes the  cur ren ts  induced 
on each w i re  and p la te ,  t h e  antennas inpu t  impedance and admittance, and 
i t s  e f f i c i e n c y .  
Wires can be attached t o  p la tes,  and p la tes  can be 
The wi res can be fed  by a r b i t r a r y  complex voltages 
The ESP code can compute t h e  f a r - f i e l d  antenna 
13 
rad i  a t ion  pat terns,  both t h e t a  and ph i  po l  a r i  zat ions.  
problem, t h e  code can compute e i t h e r  t h e  backscattered o r  b i s t a t i c  
scat tered pa t te rns  f o r  the ta ,  ph i  and cross po la r i za t i ons .  The code 
produces e i t h e r  great  -c i  r c l  e e leva t i on  o r  con ica l  azimuthal pa t te rns  . 
Fina l l y ,  t h e  code can p l o t  t h e  w i r e / p l a t e  geometry as we l l  as t h e  
ca lcu la ted  pat terns.  
For a s c a t t e r i n g  
To f i n d  t h e  currents ,  each w i r e  i s  d i v ided  i n t o  segments. Two 
S i m i l a r l y ,  each adjacent w i re  segments make up a w i r e  d i p o l e  mode. 
p l a t e  i s  d i v ided  i n t o  smal ler  rec tangu lar  segments. The rec tangu lar  
segments are pa i red  w i t h  adjacent rec tangu lar  segments t o  form surface 
patch d ipo le  modes. 
2.3. The l i m i t a t i o n s  associated w i t h  t h i s  code are main ly  placed on t h e  
s i z e  of these segments. The length  of each w i r e  segment and t h e  l eng th  
and width of each p l a t e  segment should be l i m i t e d  t o  a qua r te r  
wavelength. 
should be a t  l e a s t  a t e n t h  o f  a wavelength from t h e  edge of t h e  p la te .  
These two cu r ren t  modes are i l l u s t r a t e d  i n  F igure  
Also, any attachment p o i n t  between a w i re  and a p l a t e  
The ESP code i s  a lso  a user-or iented code. The user need on ly  
de f ine  t h e  w i re  and p l a t e  geometries, type  o f  computation desired, and a 
few various o ther  parameters t o  execute t h e  program. In fo rmat ion  on t h e  
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P-3B L-BAND ANTENNA ANALYSIS 
I n  
t o  simu 
four- tu 
t h i s  chapter t he  Airborne Antenna and t h e  ESP Codes are app 
a i r c r a f t  as i l l u s t r a t e d  i n  F igure  3.2. An omnidirec 
pa t te rn  i n  t h e  azimuth plane i s  des i red  f o r  t h i s  app 
as Figure 3.3 shows, t h e  r a d i a t i o n  p a t t e r n  i s  f a i r l y  
i ed 
a t e  a P-3B antenna problem. 
boprop a n t i  -submarine a i  r c r a f t  equipped w i t h  numerous av i  on c 
The P-3B, shown i n  F igure 3.1, i s  a 
systems. Among these i s  an L-band antenna loca ted  on t h e  b e l l y  of t h e  
i onal rad i  a t  i on 
i c a t i o n  . However, 
omni d i  r e c t i  onal 
except f o r  t h e  rear  quadrant where t h e  gain i s  reduced by 4-6 dB. The 
measured data shown i n  F igure  3.3 was taken i n  f l i g h t  a t  t h e  Naval A i r  
Test Center (Patuxent River,  Maryland). 
Using t h e  Airborne Antenna Code, t h e  L-band antenna was modelled as 
a quarter-wave monopole at tached t o  an e l l i p s o i d  w i t h  17 p l a t e s  added t o  
s imulate t h e  wings, ho r i zon ta l  s tab i  1 i zers, and engine housings . Figure  
3.4 shows a diagram o f  t h e  computer model. The r e s u l t s  of t h i s  
s imu la t ion  are  shown i n  F igure 3.5 w i t h  t h e  measured resu l t s .  The 
ca lcu la ted  r a d i a t i o n  p a t t e r n  i s  f a i r l y  omnid i rec t iona l  wi th  some 
cons t ruc t ive  in te r fe rence from t h e  wings. 
pat tern,  t he  ca lcu la ted  p a t t e r n  agrees very w e l l  i n  t h e  f r o n t  quadrant; 
Compared t o  t h e  measured 
16 
Figure 3.1. P-3B l i n e  drawing. 
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however i n  t h e  s ide quadrants, t h e  pa t te rns  d i f f e r  by as much as 2-3 dB 
and i n  the  rear  quadrant by as much as 6 dB. 
Closer examination o f  t h e  P-3B b e l l y  shows a marker beacon loca ted  
on ly  11 
ESP code 
problem, 
re rad i  a t  
model 1 ed 
analyzes 
nches ( less  than one wavelength) behind t h e  antenna. Here, t h e  
was used t o  model t h e  antenna and beacon as a mutual coupl ing 
as i f  cur ren ts  were being induced on t h e  beacon and 
ng. 
as a d ipo le  i n  free-space. Since t h e  Airborne Antenna Code 
on ly  r a d i a l  monopoles o r  s l o t  antennas, t h e  beacon was modelled 
Using image theory i n  t h e  ESP code, t h e  monopole was 
as a shorted d i p o l e  i n  the  ESP code. The source d ipo le  was placed i n  
f r o n t  o f  t h e  shorted d ipo le  as shown i n  F igure 3.6. 
ESP code i n p u t  f i l e  f o r  t h i s  geometry i s  shown i n  F igure 3.7. 
3.8 shows the  ESP code output f i l e .  
complex cur ren t  o f  -0.179-jO.155 on t h e  shorted d ipo le  compared t o  
0.970-jO.242 on t h e  source d ipo le.  
and mode 2 as i nd i ca ted  i n  t h e  boxes on page 26. Mode 5 i s  t he  center  
mode o f  t h e  shorted d ipo le  and mode 2 i s  t h e  center  mode o f  t he  source 
d ipo le.  
A l i s t i n g  of t h e  
F igure 
The ESP code ca lcu la ted  a r e l a t i v e  
These value are taken from mode 5 
The cur ren t  o f  mode 5 r e l a t i v e  t o  mode 2 was then i n p u t  i n t o  t h e  
Airborne Antenna Code as a second source, and t h e  r e s u l t s  were 
superimposed on t h e  s i n g l e  source p a t t e r n  . 
t o  the  measured r e s u l t s  i n  F igure 3.9. 
agreement throughout t h e  pa t te rn  except i n  t h e  rea r  quadrant where t h e  
d i f fe rence was reduced t o  1-3 dB. 
d i d  w e l l  t o  s imulate t h e  coupl ing e f f e c t  o f  t he  beacon, but  not as we l l  
These r e s u l t s  are compared 
This  comparison shows very good 
It a lso  shows t h a t  t h e  computer model 
22 
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Figure 3.6. Monopole/beacon simulation geometry. 
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Figure  3.7. ESP code i n p u t  f i l e  f o r  monopole/beacon s imu la t ion .  
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Figure 3.9. P-3B azimuth L-band antenna r a d i a t i o n  pa t te rn .  




a t  model l ing t h e  phys ica l  blockage. 
o r  by any ob jec t  near a source, i s  a problem which could be f u r t h e r  
The blockage caused by t h e  beacon, 
t 
invest igated.  The problem i s  t h a t  when the  beacon was modelled by a 
p l a t e  i n  t h e  Airborne Antenna Code, t h e  code could not  model any 
coupl ing e f fec ts .  Also, t h e  p l a t e  was too  c lose  t o  t h e  source so t h e  
code ca lcu la ted  a l a r g e  n u l l  i n  t h e  r e a r  quadrant. The beacon was 
there fore  modelled as a shorted d i p o l e  so t h a t  t h e  coup l ing  e f f e c t  could 
be included i n  t h e  A i  rborne Antenna Code as a monopol e. The A i  rborne 
Antenna Code i n p u t  f i l e  f o r  t h i s  s imu la t ion  i s  shown i n  F igure 3.10. 
The input  f i l e  f o r  t h e  s i n g l e  source problem was t h e  same except fo r  t h e  
SP: and t h e  second SG: and EX: commands. 
The e leva t i on  p a t t e r n  fo r  t h e  P-3B L-band antenna was ava i l ab le ,  
Resul ts are presented i n  Figures 3.11 and so i t  was a lso  ca lcu lated.  
3.12. F igure 3.11 shows the  ca l cu la ted  s i n g l e  source r e s u l t s  compared 
t o  the  measured r e s u l t s  and shows good agreement o f f  t h e  nose and a 
d i f f e rence  o f  1-3 dB o f f  t he  t a i l .  The second source was inc luded fo r  
F igure 3.12 which shows even b e t t e r  agreement . 
I n  t h e  case o f  t he  P-3B L-band antenna, t h e  Airborne Antenna Code 
and the ESP code proved t o  be va luable t o o l s  f o r  s imu la t i ng  t h e  antenna 
performance. I n  both azimuth and e leva t i on  pat terns,  agreement between 
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Figure 3.10. (continued). 
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CHAPTER I V  
A-7E UHF RELAY POD ANALYSIS 
I n  t h i s  chapter a UHF r e l a y  pod i n s t a l l e d  on an A-7E i s  analyzed 
us ing  the Airborne Antenna and ESP Codes. The A-7E i s  a subsonic 
s ingle-seat t a c t i c a l  f i g h t e r  as shown i n  F igure 4.1. 
15 foot  equipment pod mounted on t h e  ou ter  p o r t  underwing pylon. 
The r e l a y  pod i s  a 
The 
pod i s  equipped wi th var ious rece ive r / t ransmi t te rs  and f o u r  UHF blade 
antennas. The pod and antenna loca t i ons  are i l l u s t r a t e d  i n  F igure 4.2. 
An omnid i rect ional  r a d i a t i o n  p a t t e r n  i n  t h e  azimuth plane i s  des i red fo r  
each antenna. 
Figlr1.e 4.3 shows t h e  measured r a d i a t i o n  p a t t e r n  which has blockage and 
n u l l s  throughout t h e  pat tern.  
a t  the  Naval A i r  Test Center (Patuxent River,  Maryland). 
The forward-most antenna i s  analyzed i n  t h i s  chapter. 
The measured r e s u l t s  were taken i n  f l i g h t  
I n  t he  ana lys is  o f  t h e  A-7E UHF r e l a y  pod, t h e  ESP code was f i r s t  
used t o  determine t h e  cur ren ts  induced on each antenna on t h e  pod. The 
four antennas were modelled as hal f -wavelength d ipo les  i n  free-space, as 
shown i n  F igure 4.4, us ing  t h e  ESP i n p u t  f i l e  shown i n  F igure 4.5. The 
forward-most antenna was exc i ted  w i t h  a u n i t  ampl i tude source, and t h e  
th ree  rear  antennas were loaded w i t h  50 ohms t o  s imu la te  t h e i r  
connections t o  50-ohm cables. A p a r t i a l  l i s t i n g  o f  t h e  ESP code r e s u l t s  
34 




Figure  4.1. A-7E l i n e  drawing. 
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F i g u r e  4.3. Measured A-7E UHF r e l a y  pod azimuth antenna r a d i a t i o n  
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Figure  4.5. ESP i n p u t  f i l e .  
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i s  given i n  F igure 4.6. 
a re  ind ica ted  i n  the  boxes on page 42. Modes 2, 5, 8 and 11 are t h e  
center  modes o f  each d ipo le.  The cur ren ts  o f  modes 5, 8, and 11, 
r e l a t i v e  t o  t he  cur ren t  o f  mode 2 are i n p u t  i n t o  the  Airborne Antenna 
Code as addi t i onal sources . 
The r e l a t i v e  cur ren ts  induced on each d i p o l e  
I n  the Airborne Antenna Code, t h e  e l l i p s o i d  i s  used t o  model t h e  
pod, ra ther  than t h e  a i r c r a f t  fuselage. 
any add i t iona l  p l a t e s  t o  determine t h e  e f f e c t s  o f  the  t h r e e  r e a r  
antennas. 
shown i n  F igure 4.7, 
The code was f i r s t  run w i thout  
The Airborne Antenna Code i n p u t  f i l e  f o r  t h i s  geometry i s  
and the  ca l cu la ted  r a d i a t i o n  p a t t e r n  i s  shown i n  
F igure 4.8. These r e s u l t s  show minimal i n t e r f e r e n c e  compared t o  t h e  
measured pat tern.  
Eight p la tes  were added t o  t h e  e l l i p s o i d  t o  s imulate t h e  s ide  of 
t h e  a i r c r a f t ,  t he  wing, t h e  ho r i zon ta l  s t a b i l i z e r ,  and t h e  pod mount. 
Th is  geometry i s  i l l u s t r a t e d  i n  F igure 4.9, us ing  the  i n p u t  f i l e  shown 
i n  Figure 4.10. 
0.6227 wavelengths which may be pushing t h e  accuracy o f  t h e  code, but  
t h e  ca lcu la ted  p a t t e r n  shown i n  F igure  4.11 does very we l l  t o  show t h e  
l o b i n g  and blockage caused by the  s ide  of t h e  a i r c r a f t .  
It should be noted t h a t  t h e  diameter of t h e  pod was 
This i s  a case where t h e  Ai rborne Antenna Code cou ld  have been used 
i n  the  e a r l y  stages o f  development t o  show t h e  i n te r fe rence  caused by 
t h e  a i r c r a f t .  
p red ic t  a f a i r l y  complicated r a d i a t i o n  pa t te rn ,  and even though t h e  
diameter o f  t he  e l l i p s o i d  was l e s s  than a wavelength, t h e  code prov ided 
reasonably good r e s u l t s  . 
The Airborne Antenna Code used a simple i n p u t  geometry t o  
40 
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Figure 4.6. P a r t i a l  l i s t i n g  o f  ESP r e s u l t s .  
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12 0.034 
rt 1 0.047 0.00051 47 -31. 0.000440 -0.000268 -] 
INPUT ADMITTANCE(MH0S) 0.009883 J -0.004928 
INPUT IMF€DANCE(OHMS) - 81.034 J 40.406 
EFFICIENCY(F'ERC€NT) - 99.167 
Figure 4.6. (continued).  
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TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM ANALYSIS 
The Basic Sca t te r i ng  Code (BSC) i s  used i n  t h i s  chapter t o  analyze 
t h e  T r a f f i c  A l e r t  and C o l l i s i o n  Avoidance System.(TCAS) as i n s t a l l e d  on 
a B e l l  Long Ranger he l i cop te r .  The Long Ranger h e l i c o p t e r  i s  a 
t u r b i  ne-powered general -purpose seven-seat 1 i ght  he1 i copter  . TCAS i s  a 
t r a f f i c  adv isory system which in forms t h e  p i l o t  o f  t h e  ang le -o f -a r r i va l  
(AOA) o f  an incoming s ignal ,  and there fore ,  t h e  bear ing i n  azimuth o f  
another a i r c r a f t  i n  the  v i c i n i t y .  The system u t i l i z e s  a four-element 
a r ray  of quarter-wave monopoles, each pos i t i oned  on t h e  corners of a 
quarter-wavelength squale as shown i n  F igure  5.l(a). 
located on a f l a t  area above t h e  cockpi t ,  i n  f r o n t  o f  t h e  r o t o r  shaf t  as 
shown i n  F igure 5.l(b). 
through a network o f  hybr ids.  This network has two outputs;  a sum and 
d e l t a  output. The output  o f  t he  sum channel i s  t h e  f o u r  i n p u t  s igna ls  
added i n  phase. The output  o f  t h e  d e l t a  channel i s  a sum of t h e  four 
i npu ts  w i t h  d i f f e r e n t  phase s h i f t s  added t o  th ree  o f  t h e  inputs .  The 
sum and d e l t a  output  are, respec t i ve l y  given a l g e b r a i c a l l y  by 
The ar ray  i s  
The outputs  from each antenna are processed 
c = A + B + C + D  
and 
A = (D-B) + j(C-A) 
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F i g u r e  5.1. AOA a r ray  geometry and l o c a t i o n .  
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where A, B, C and D represent the  complex vo l tage l e v e l s  o f  t he  f o u r  AOA 
antennas. The angle-of -ar r iva l  i s  then given by 
eA = 4 A  - $1 - 6 (5.3) 
where eA i s  the  angle-of -ar r iva l  , 
i s  the  phase o f  the  d e l t a  channel and 6 i s  a constant o f f s e t  angle 
determined through ca l  i b r a t i o n  . 
i s  t h e  phase o f  t he  sum channel , @A 
Measured data has been taken on t h e  TCAS antenna by t h e  L inco ln  
Laboratory o f  t he  Massachusetts I n s t i t u t e  o f  Technology. A s igna l  was 
rad ia ted  toward the  a i r c r a f t  as i t  hovered j u s t  above the  ground. 
t h e  a i r c r a f t  s lowly  ro tated,  t h e  ac tua l  bear ing o f  t h e  t r a n s m i t t e r  and 
As 
t h e  TCAS output  heading were recorded. Resul ts  are shown i n  F igure  5.2. 
Measurements o f  t he  AOA antenna system were a l so  taken i n  an 
The f o u r  monopoles were mounted on an aluminum anechoic chamber. 
c i r c u l a r  ground plane, 4 f e e t  i n  diameter, and r o t a t e d  i n  t h e  presence 
o f  a t e s t  s ignal .  
f o r  t h i s  t e s t  cond i t i on  i s  c a l l e d  t h e  AOA t r a n s f e r  funct ion.  This  
t r a n s f e r  func t ion ,  shown i n  F igure 5.3, i n d i c a t e s  t h e  phase d i f ference 
between t h e  sum and d e l t a  channels versus the  i n c i d e n t  bear ing angle. 
The p l o t  o f  t he  ou tpu t  phase versus actual  bear ing  
Three metal cy l i nde rs  were placed near t h e  antenna t o  s imu la te  t h e  
r o t o r  shaft .  
F igure 5.4, and the  r e s u l t s  o f  t h i s  c o n f i g u r a t i o n  are  shown i n  F igure  
5.5. 
The cy l i nde rs  were mounted on a t u r n t a b l e  as shown i n  
TO s imulate the  problem on t h e  computer, t h e  ESP code was f i r s t  
t h e  used o t  determine any coup l ing  e f f e c t s .  As a backscat ter  
monopoles were modelled as d ipo les  i n  free-space, and t h e  
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Figure 5.3. AOA performance o f  antenna on a groundplane. 
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F i g u r e  5.4. AOA antenna mounted near r o t a t i n g  c y l i n d e r s .  
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F i  gure 5.5. AOA performance o f  antenna near  r o t a t i n g  cy1 i nders . 
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of t h e  i n c i d e n t  f i e l d  varied. The ESP i n p u t  f i l e  and t h e  geometry are 
shown i n  Figures 5.6 and 5.7, respect ive ly .  The ca l cu la ted  cur ren ts  
were then added us ing Equations (5.1) and (5.2) t o  determine t h e  AOA 
t r a n s f e r  funct ion.  The r e s u l t s  are shown i n  F igure 5.8 w i t h  an o f fse t  
o f  5.38 degrees inc luded i n  t h e  resul ts .  The r e s u l t s  show very l i t t l e  
i nterference from coup1 i ng . 
The BSC was a lso  used t o  ca l cu la te  t h e  t r a n s f e r  f unc t i on  us ing t h e  
same geometry i n  F igure 5.7. 
ca l cu la ted  i n d i v i d u a l l y  and t h e  four f i e l d s  were used i n  Equations (5.1) 
and (5.2) t o  produce a sum and de l ta  output. The phase o f  these two 
f i e l d s  were compared, and t h e  d i f fe rence i s  t h e  t r a n s f e r  f unc t i on  shown 
i n  F igure 5.9. These r e s u l t s  a lso show very l i t t l e  i n te r fe rence  and are 
ticar ly lutt i l i icai  t o  F igure 5.8. i n i s  suggests t h a t  t h e  smaii amount of 
f l u c t u a t i o n  i s  because t h e  geometry looks symmetrical from e i g h t  aspect 
angle. The o f f s e t  here was 45 degrees, which w i l l  be constant i n  t h e  
fo l l ow ing  BSC appl icat ions.  
The f i e l d  pa t te rns  o f  each d i p o l e  was 
1.. : A e -  VI . 
-. inree c y i i n a e r s  were added t o  the  model as shown i n  F igure 5.10. 
The BSC ca lcu la ted  t h e  f i e l d s  f o r  the geometry shown and w i t h  t h e  
cy l i nde rs  ro ta ted  about the  center c y l i n d e r ' s  ax i s  t o  simulate the  
anechoic chamber resu l ts .  
shown and w i t h  t h e  cy l i nde rs  ro ta ted  counter-clockwise 45, 90 and 135 
degrees. 
v a r i a t i o n  as t h e  r o t o r  shaf t  turns. This f i g u r e  now shows t h e  
in te r fe rence experienced i n  the  anechoic chamber. 
Four ca lcu la t ions  were made; t h e  geometry 
The r e s u l t s  are overlayed i n  F igure 5.11 t o  s imulate the  phase 
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Figure 5.8. Calculated AOA transfer function using the ESP code. 
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F igure  5.9. Ca lcu la ted  AOA t r a n s f e r  funct ion  using t h e  BSC. 
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Figure 5.11. Calculated AOA performance i n  the presence of cylinders. 
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Since t h e  spacing o f  t h e  c y l i n d e r s  was small compared t o  t h e  
wavelength, t h e  t h r e e  c y l i n d e r s  were replaced w i t h  a p l a t e  and r o t o r  
blades were added t o  t h e  computer model t o  determine t h e i r  e f fec ts .  
geometry i s  shown i n  F igure  5.12 us ing  t h e  BSC i n p u t  f i l e  i n  F igure  
5.13. The c a l c u l a t i o n s  were taken w i t h  t h e  r o t o r  s h a f t  and blades 
ro ta ted  every 30 degrees. The r e s u l t s  are over layed i n  F igure  5.14. 
The 
F ina l l y ,  t h e  AOA performance was ca l cu la ted  a t  an e leva t i on  angle 
o f  15 degrees above t h e  hor izon, so t h e  s igna l  would pass through t h e  
blades. The f i e l d s  were ca l cu la ted  us ing  t h e  geometry shown i n  F igure  
5.12 and w i t h  t h e  r o t o r  shaft  and blades r o t a t e d  every 30 degrees. The 
r e s u l t s  are over layed i n  F igure 5.15, and are s i m i l a r  t o  the  prev ious 
ones . 
The BSC prov ided a f a i r l y  accurate model o f  t he  AOA antenna system. 
It showed t h a t  w i thout  any sca t te rers ,  t h e  system should be accurate 
w i t h i n  about 3 degrees (p lus  an o f f s e t ) .  The model a lso  showed t h a t  i n  
t h e  presence o f  sca t te rers ,  an undesireable amount o f  e r r o r  i s  
introduced. F i n a l l y ,  t h e  model d i d  we l l  t o  s imulated t h e  r e s u l t s  taken 
on the a i  r c r a f t  and i n  t h e  anechoic chamber. 
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F igure  5.15. C a l c u l a t e d  AOA antenna performance 1 5  degrees above t h e  
a i  r c r a f t  hor izon  . 
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CHAPTER V I  
SUMMARY AND CONCLUSIONS 
The purpose o f  t h i s  study was t o  develop accurate computer models 
o f  various a i r c r a f t  and antenna systems. 
u t i l i z e d ;  t h e  Airborne Antenna Code, t h e  Basic Scat te r ing  Code, and t h e  
Electromagnetic Surface Patch Code. 
Three computer codes were 
An L-band antenna i n s t a l l e d  on a P-3B a i r c r a f t  was analyzed us ing 
t h e  Airborne Antenna Code. The a i r c r a f t  fuselage was modelled as an 
e l l i p s o i d  w i t h  p la tes  added t o  model t h e  wings, ho r i zon ta l  s t a b i l i z e r s  
and engine housings. The ESP code was a lso used i n  t h e  model t o  
determine t h e  cur ren t  induced on a marker beacon loca ted  behind t h e  
antenna. 
second source. 
resu l t s .  
This cur ren t  was inpu t  i n t o  t h e  Airborne Antenna Code as a 
Results showed very good agreement w i t h  measured 
A UHF r e l a y  pod on an A-7E a i r c r a f t  was a lso  analyzed us ing t h e  
Airborne Antenna Code. 
and t h e  wing, pod mount, hor izon ta l  s t a b i l i z e r  and the  s ide  of t h e  
a i r c r a f t  were modelled by p la tes.  The ESP code was again used because 
t h r e e  other  antennas were loca ted  on t h e  pod. The cur ren ts  induced on 
t h e  t h r e e  antennas were ca lcu la ted  us ing t h e  ESP code and i n p u t  i n t o  t h e  
This  t ime the pod was modelled as an e l l i p s o i d  
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Airborne Atnenna Code. 
wavelength which may be pushing t h e  accuracy o f  t h e  code, but t h e  
ca lcua l ted  r e s u l t s  d i d  we l l  t o  show t h e  l o b i n g  and blockage caused by 
t h e  side o f  t h e  a i r c r a f t .  
The diameter o f  t h e  e l l i p s o i d  was less  than a 
F ina l l y ,  a t r a f f i c  advisory system i n s t a l l e d  on a B e l l  Long Ranger 
he1 i copter was analyzed us ing t h e  Basic S c a t t e r i  ng Code. Cy1 i nders were 
used t o  model t h e  r o t o r  sha f t  which was loca ted  behind a four-element 
a r ray  of momopole antennas. Later, t h e  cy l i nde rs  were replaced by a 
p l a t e  and add i t i ona l  p la tes  were added t o  s imulate t h e  r o t o r  blades. 
The array was connected t o  a hyb r id  network which determined t h e  
ang le-o f -a r r i va l  o f  an incoming s ignal .  
t h e  angle-of -ar r iva l ,  and t h e  r e s u l t s  were compared t o  measured resu l t s .  
The BSC prov ided a f a i r l y  accurate model o f  t h e  AOA antenna system and 
d i d  w e l l  t o  shown t h e  e r r o r  in t roduced by the  r o t o r  sha f t  and blades. 
The BSC was used t o  c a l c u l a t e  
The A i  rborne Antenna Code, Basic Scat te r ing  Code and 
Electromagnetic Surface Patch Code prov ide  powerful t o o l s  fo r  
p red ic t i ng  t h e  performance o f  a i rborne  antenna systems. 
be very usefu l  i n  the  design stage o f  an antennas system t o  determine 
t h e  optimum antenna loca t ion .  
could be saved by f i r s t  us ing these codes. 
These codes can 
Valuable t ime and c o s t l y  f l i gh t -hours  
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